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FOREWORD 


This  report  describes  a  series  of  wind-tunnel  tests  on  the  cross-type 
parachute  to  investigate  the  effects  of  cloth  permeability,  number  of  suspension 
lines,  and  suspension  line  length  in  the  fully  opened  and  reefed  conditions. 
Forty-inch-diameter  models  with  a  canopy  arm  width-to-length  ratio  (W/L)  of  0.3 
were  tested  at  various  velocities  from  50  fps  to  293  fps  in  the  fully  inflated 
state.  Results  of  these  tests  demonstrate  that  the  parachute  geometry  and  cloth 
permeability  do  have  an  effect  on  the  drag  capability  of  the  cross  parachute. 
Additional  tests  of  reefed  configurations  for  several  reefing  line 
lengths-to-canopy-diameter  ratios  from  0.6  to  1.6  at  a  constant  velocity  of  293 
fps  established  the  reefed  characteristics  of  this  parachute.  The  steady  state 
forces  in  the  reefing  line  were  measured  by  use  of  strain  g.  links.  Data  are 
presented  in  tabular  and  graphical  format.  Photographs  of  representative  canopy 
shapes  are  included  for  illustration. 

These  teats  were  conducted  in  the  University  of  Maryland  Subsonic  Wind 
Tunnel  at  College  Park,  Maryland. 

The  investigation  presented  in  this  report  is  relate  to  the  improvement  of 
parachute  technology. 

The  effort  was  accepted  under  an  Independent  Exploratory  Development 
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INTRODUCTION 

The  Naval  Surface  Weapons  Center  has  pursued  Cross  type  parachutes  In  a 
number  of  low  altitude  weapons  systems  in  the  subsonic  through  transonic 
velocity  range,  and  also  for  meteorological  high  altitude  (100,000  to  318,000 
feet)  probes.  Cross  type  parachutes  have  demonstrated  excellent  reliability, 
parachute  stability  and  two  body  stability,  and  have  resulted  in  a  unit  cost 
reduction.  Drag  coefficient  and  canopy  hem  reefed  data  were  published  in 
reference  1  for  a  canopy  W/L-0.264. 

During  developments  we  have,  upon  occasion,  encountered  a  "critical 
velocity"  effect  with  a  0.264  ratio  canopy.  The  canopy  would  not  completely 
inflate  or  would  finish  the  inflation  process  very  slowly.  One  approach  to  this 
problem  was  to  modify  the  tf/L  ratio  to  0.3.  Our  flight  test  experience  has 
demonstrated  that  the  0.3  ratio  improved  the  inflation  characteristics,  but  at 
the  expense  of  apparently  degraded  two  body  stability. 

Skirt  hem  reefed  Cross  parachutes  complete  inflation  rapidly  at  disreef.  A 
purpose  of  this  teat  aeries  is  to  ascertain  whether  a  reefing  line  located  at 
some  place  along  the  reinforcement  tape  other  than  the  hem  will  provide  a  more 
favorable  reefed  canopy  inflated  shape. 


^ludtke,  W.,  "Effects  of  Canopy  Geometry  on  the  Drag  Coefficient  of  a  Cross 
Parachute  in  the  Fully  Open  and  Reefed  Conditions  for  a  W/L  Ratio  of  0*264," 
N0LTR  71-1 U,  20  Aug  1971. 
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APPROACH 

PARACHUTE  MODELS.  Three  series  of  Cross  Parachute  models  were  designed 
using  a  canopy  cloth  of  different  air  permeability  for  each  series*  All  models 
consisted  of  two  panels  40  inches  in  length  with  a  W/L*0.3.  The  two  panels  were 
arranged  to  form  the  configurations  illustrated  in  Figure  1.  Each  model  series 
consisted  of  a  total  of  nine  parachutes  for  the  same  canopy  cloth.  The  canopies 
were  configured  for  12,  16,  or  24  suspension  lines,  at,d  each  canopy  suspension 
line  configuration  was  completed  with  suspension  line  lengths  of  1.0,  1.4,  or 
1.6  canopy  diameters.  The  actual  suspension  lines  were  shortened  a  specified 
length  so  that  the  apparent  line  length  in  the  fully  inflated  configuration  was 
1.0,  1.4,  or  1.6  diameters  when  mounted  on  the  parachute  mounting  ring.  This 
approach  provided  27  possible  geometric  configurations  for  drag  coefficient 
studies.  The  materials  used  in  the  model  parachute  constructions  are  listed  in 
Table  1  and  construction  details  are  shown  in  Figure  2.  Reefing  rings  were 
installed  at  two  locations  on  the  canopy  tape  reinforcements  as  shown  in  Figures 
2  and  3.  These  locations  placed  the  reefing  rings  at  25X  and  SOX  of  the 
distance  from  the  canopy  hem  to  the  edge  of  the  adjacent  parachute  panel.  Due 
to  limited  wind  tunnel  testing  time  Initial  tests  were  conducted  on  each  reefing 
ring  location.  The  reefing  ring  nearest  the  canopy  hem  appeared  to  best  meet 
the  test  objective  and  was  selected  for  further  tests.  Twenty-seven  reefed 
parachute  configurations  were  tested. 


11 


NSWC  TR  81441 


1/4  0.0.  x  3/16 1.D.  x  1/8  LONG 


TYPICAL  TAPE  -  CANOPY  CROSS  SECTION 


SKIRT  HEM  -  SUSPENSION  LINE  ASS'Y 


FIGURE  2  MODEL  PARACHUTE  CONSTRUCTION  DETAILS 
SEE  TABLE  1  FOR  MATERIALS  IDEN1 IFICATION 
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The  air  permeability  of  each  canopy  cloth  was  measured  by  means  of  a 
Frazier  Fabric  Permeability  Machine  (No.  79A).  Ten  determinations  of  the  rate 
of  air  flow  were  made  at  1/2  inch  water  pressure  differential  across  the  cloth. 
The  average  value  and  statistical  one  sigma  variation  are  listed  below. 

CFM/FT2 


Nominal  1  o  variation 

98.3  2.7 

225.0  7.3 

351.2  1.8 

INSTRUMENTATION .  The  Wind  Tunnel  support  system,  Figure  4  was  designed  to 
position  the  model  parachutes.  Parachute  oscillations  were  controlled  by  a 
support  rod  along  the  wind-tunnel  centerline  which  passed  through  the  center  of 
the  canopy.  Guy  wires  were  used  to  stabilize  the  support  rod  and  maintain  a 
relatively  uncluttered  test  section.  In  all  tests  the  parachute  suspension 
lines  were  attached  to  the  parachute  mounting  ring  which  was  machined  so  that  it 
was  connected  to  the  support  rod  by  four  beams.  Strain  gages  were  secured  to 
two  of  these  beams  in  such  a  manner  that  they  could  be  used  to  measure  the  total 
drag  load.  See  Figures  5,  6,  and  7.  The  strain  gage  bridge  is  composed  of  four 
active  gages.  Bending  of  the  beams  by  the  parachute  force  causes  gages  1  and  2 
to  be  in  compression,  and  gages  3  and  4  to  be  in  tension. 

Prior  to  installation  of  the  mounting  ring  the  sensitivity  and  linearity  of 
the  gages  were  verified  by  loading  the  suspended  assembly  with  weights.  The 
entire  system  was  recalibrated  after  installation  in  the  wind  tunnel.  The 
strain  gage  bridges  were  connected  to  an  amplifier  which  was  in  turn  connected 
to  a  Hewlett  Packard  (HP)  computer  through  an  analog  to  digital  converter.  Once 
the  amplifier  gain  was  adjusted  it  was  not  changed  throughout  the  test,  See 
Figure  8.  The  bridges  were  very  stable  with  essentially  no  zero  shift 
throughout  the  test  program. 

During  calibration  the  repeatability  of  gage  number  2  was  somewhat  better 
than  gage  number  1.  Therefore,  bridge  number  2  was  used  as  the  true  drag 
reading  and  gage  number  1  was  a  backup.  The  entire  test  utilized  gage  number  2. 

The  computer  is  capable  of  detecting  +0.005  volts,  which  from  the 
calibration  is  approximately  +0.25  lbs.  During  test  runs  the  computer  recorded 
test  data  at  500  samples  per  second  for  1.54  seconds  and  calculated  the  average 
value  and  the  standard  variation.  Prior  to  each  test  run  a  wind  off  zero  was 
recorded  which  was  then  subtracted  from  subsequent  wind  on  data.  The  voltages 
recorded  during  test  runs  were  converted  to  pounds  of  drag  in  the  computer, 
recorded  on  magnetic  tape,  and  visually  displayed  for  each  data  point.  The  drag 
data  repeatability  was  within  0.52  for  most  of  the  parachutes  tested. 

Reefing  line  forces  were  measured  by  special  load  cells  designed  for  this 
test.  Five  gage  bodies  were  machined  in  the  configuration  of  Figure  9.  Some  of 
these  were  gaged  with  two  active  gages  and  some  with  four.  The  cell  used  for 
the  majority  of  the  reefing  line  tests  had  four  active  gages.  These  cells  were 
all  calibrated  to  check  the  sensitivity  and  linearity  outside  of  the  tunnel, 
prior  to  testing,  in  the  same  manner  as  the  total  force  bridges.  Then  they  were 
calibrated  through  the  system  prior  to  being  installed  in  the  parachute.  The 
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FIGURE  6  METHOD  OF  CONNECTING  STRAIN  GAGES  ON  RING  BEAM 
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sensitivity  of  these  cells  was  such  that  the  minimum  resolution  was 
approximately  +  .02  pounds.  No  reefing  point  runs  were  repeated  in  order  to 
determine  the  repeatibility  of  the  force  reading  so  there  is  nothing  definite 
that  can  be  said  about  this  point.  If  the  confidence  level  is  assumed  to  be  ten 
times  the  minimum  resolution,  this  results  in  a  value  of  +0.2  pounds.  Since 
the  data  were  averaged  over  1.54  seconds,  it  seems  reasonable  to  assume  the  data 
is  accurate  within  this  range. 

A  1/32  inch  diameter  flexible  steel  cable  was  used  for  the  reefing  line. 

The  load  cell  was  installed  directly  in  the  reefing  line  so  that  the  force  in 
the  reefing  line  put  the  cell  in  tension.  The  electrical  leads  from  the  cell 
were  taped  to  the  reefing  line  where  the  cell  was  mounted  to  minimize  the 
flexing  of  the  instrumentation  wiring  at  this  point.  See  Figures  10  and  11. 

The  leads  were  then  attached  to  the  support  rod  with  sufficient  length  to  allow 
the  cable  to  flex  freely  between  the  reefing  line  and  the  support  rod. 

Two  35mm  still  cameras  were  used  to  record  canopy  shapes.  One  camera  was 
installed  upstream  in  the  wind  tunnel  to  record  canopy  mouth  shapes  (not 
published)  and  the  other  camera  was  located  outside  the  wind  tunnel  to  record 
the  canopy  profiles. 

TEST  PROCEDURE.  Each  parachute  was  subjected  to  two  series  of  tests  to 
determine  (1)  the  fully  inflated  aerodynamic  drag  at  various  wind  tunnel 
velocities,  and  (2)  the  percent  reefed  as  a  function  of  reefing  line  length. 
Flexible  steel  cable  1/32  inch  in  diameter  was  used  as  a  reefing  line  to 
minimize  elongation  under  sustained  use,  and  because  a  known  length  could  be 
r  tckly,  easily,  and  repeatably  removed.  Nico-press  fittings  were  used  to  join 
the  ends  of  the  reefing  line. 

All  parachutes  were  mounted  on  the  support  rod  and  the  suspension  lines 
were  connected  in  sequence  to  the  mounting  ring.  Aerodynamic  drag  of  fully  open 
parachutes  was  recorded  at  wind  tunnel  velocities  of  50,  60,  70,  80,  100,  150, 
200,  250,  and  293  feet  per  second.  The  reefing  line  was  then  installed  with  the 
calibrated  reefing  line  force  gage  and  the  reefed  drag  and  reefing  line  forces 
were  measured  at  a  velocity  of  293  feet  per  second  for  five  reef i''  line  lengths. 

Speciel  reefing  tests  were  conducted  on  the  first  parachute.  The  reefed 
drag  was  measured  with  the  reefing  line  installed  in  the  forward  set  of  reefing 
rings,  (0.0875L)  and  repeated  with  the  reefing  line  installed  in  the  aft  set  of 
reefing  rings,  (0.175L).  Reefed  parachute  performance,  Figure  12,  was  similar 
for  either  reefing  line  location.  Figure  13  illustrates  the  inflated  reefed 
canopy  shapes.  It  was  decided  to  conduct  the  reefing  tests  using  the  forward 
set  of  reefing  rings  on  the  basis  that  the  larger  mouth  area  would  likely  cause 
the  parachute  to  inflate  more  rapidly  when  diarcefed. 
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FIGURE  11  TYPICAL  REEFING  LINE  AND  FORCE  GAGE  INSTALLED  IN  PARACHUTE 
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CANOPY  CLOTH  PERMEABILITY  =  351  CFM/FT2 
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FIGURE  12  COMPARISON  OF  REEFING  CHARACTERISTICS  FOR  REEFING  LINES  LOCATED 
AT  THE  0.G875L  AND  0,176  POSITIONS 
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FIGURE  13  EFFECT  OF  REEFING  UNE  LOCATION  ON  THE  INFLATED  REEFED  CANOPY 
SHAPE 


DATA  REDUCTION .  The  test  data  were  reduced  to  coefficient  form  by  use  of 
the  following  formulae: 

q-l/2pV2  ,  lb/ft2 
S0-2LW~W2  *  ft2 


C  -  P 

»  qS0 

2  reefed  ■  Parachute  dra^  in  reefed  condition  at  velocity  V  s  iqq 
Drag  of  fully  opened  parachute  at  same  velocity 

X  reefing  •  Porce  in  reefing  line  at  velocity  V  x  100 

line  load  of  fully  opeued  parachute  at  same  velocity 


The  reference  area  of  all  parachutes  used  in  this  test  is  5.667 
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RESULTS 


Test  results  are  presented  in  tabular  and  graphical  format  together  with 
selected  photographs  of  fully  inflated  and  reefed  canopy  profiles.  Some 
generalized  observations  from  the  test  data  are  presented.  The  user  should 
refer  to  the  test  data  in  order  to  assure  himself  that  the  generalized  results 
are  applicable  to  the  particular  configuration  under  consideration. 

DRAG  COEFFICIENTS.  The  parachute  total  drag  force  was  measured  by  the 
gages  on  the  parachute  mounting  ring.  The  same  total  drag  gages  were  used 
throughout  the  entire  test  program  and  had  negligible  zero  shift.  The 
statistical  average  drag  force  and  the  one  sigma  drag  force  variation  were 
reduced  from  data  collected  at  the  rate  of  500  samples  per  second  Tor  1.54 
seconds  (770  data  samples).  The  drag  coefficient  data  is  presented  in  Tables  2, 
3,  and  4  and,  graphical  drag  coefficient  representation  is  illustrated  in 
Figures  14,  15,  and  16.  Generally  the  drag  coefficients  tend  to  increase  as: 
a)  cloth  permeability  decreases,  b)  suspension  line  lengths  are  increased,  c> 
the  test  velocity  is  reduced  below  60  fps.  For  some  unknown  reason  the  data 
taken  at  70  fps  is  not  generally  consistent  with  other  data  of  the  same 
configuration. 

The  maximum  (0.55)  and  ir  nioum  (0.000)  one  sigma  drag  coefficient  values 
occur  at  the  lowest  dynamic  pressures.  The  average  one  sigma  value  for  the 
entire  test  is  0.016. 

Example:  From  Table  2  the  drag  coefficient  for  a  12  suspension  line 
parachute  with  line  lengths  of  1.0L  and  a  canopy  cloth  permeability  of  98 
CFH/Ft*  at  250  fpa  is: 

Cp  ^  Cj)  +  lo 
CD  -  0.645  +  0,014 

Photographs  of  a  few  typical  fully  inflated  parachute  profiles  at  various 
velocities  are  presented  in  Figures  17,  18,  and  19.  At  wind  tunnel  velocities 
of  50  fps  the  W/L-0.3  parachute  canopies  are  more  fully  Inflated  than 
geometrically  similar  tt/L-0.264  parachutes  of  reference  1  as  evidenced  by  the 
absccnco  of  wrinkles  in  the  canopy  cloth. 

CANOPY  REEFING.  A  1/32  inch  flexible  stoel  reefing  line  of  known  length 
was  installed  in  the  parachute  at  the  reefing  ring  set  located  at  0.0875  t.  The 
steady  state  reefed  drag  force  Was  measured  at  a  velocity  of  293  fps  for  each  of 
the  five  reefing  line  lengths.  The  reefing  line  length  was  normalised  to  the 
canopy  diameter,  and  the  percent  reefed  determined  by  ratioing  the  reefed  drag 
force  to  the  fully  inflated  drag  force  at  the  same  velocity.  Table  5  lists  the 
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TABLE  2  DRAG  COEFFICIENT  TEST  DATA  CLOTH  PERMEABILITY  -  98  CFM/FT2 
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TABLE  3  DRAG  COEFFICIENT  TEST  DATA  CLOTH  PERMEABILITY  =  225  CFM/FT2 


NSWCTR  81-441 


DRAG  COEFFICIENT 

24  SUSPENSION  LINES 

SUSPENSION  LINE  LENGTH 

CANOPY  DIAMETER  1 

-J 

ID 

r- 

0.735 

0.710 

0.756 

0.714 

0.714 

0.714 

0.729 

0.720 

0.726 

Z 

0 

0.000 

0.019 

0.020 

0.017 

0.015 

0.016 

0.015 

0.017 

0.016 

IVl 

0.726 

0.730 

0.712 

0.710 

0.696 

0.698 

0.693 

0.697 

0.7.-J 

0.C  ,0 
0.021 
0.017 

0.016 

0.013 

0.015 

0.014 

0.015 

0.015 

1.0  L 

0.605 

0.629 

0.601 

0.600 

0.611 

0.605 

0.610 

0.615 

0.019 

0.018 

0.015 

0.018 

0.015 

0.016 

0.015 

0.016 

16  SUSPENSION  LINES 

SUSPENSION  LINE  LENGTH 

CANCr>Y  DIAMETER 

1.6  L 

0.674 

0.676 

0.671 

0.668 

0.661 

0.657 

0.659 

0.658 

0.659 

0.000 

0.020 

0.017 

0.017 

0.016 

0.017 

0.017 

0.017 

0.018 

-1 

T“ 

0.729 

0.688 

0.716 

0.695 

0.687 

0.676 

0.674 

0.678 

0.681 

1- 

< 

£ 

s 

i- 

z 

Ul 

O 

£ 

LL 

Ul 

8 

C3 

< 

cc 

Q 

i 

Tn 

r- 

0.000 

0.000 

0.016 

0.016 

0.015 

0.014 

0.014 

0.015 

0.015 

.J 

o 

»— 

n  nio  i-  co  oi  coots 

i-  ai  o  eo  to  **  in  to  to 

o  in  id  in  in  in  tqinin 

doo  odd  poo 

0.000 

0.000 

0.015 

0.016 

0.012 

0.011 

0.011 

0.014 

0.014 

X 

La 

iu  H 

z  z 

=  MJ 

-1  _r 

Z  w 

o  z 

M  -1 

z  z 

a  o 

t£ 

Ul 

H 

W 

5 

>• 

0. 

1.6  L 

0.710 

0.684 

0.682 

0.662 

0.650 

0.640 

0.639 

0.634 

0.635 

0.000 

0.020 

0.014 

0.013 

0.014 

0.013 

0.013 

0.01 3 
0.015 

1.4  L 

0.667 

0.646 

0.678 

0.654 

0.636 

0.633 

'  0.630 
0.628 
0.633 

0.039 

0.020 

0.019 

0.015 

0.015 

0.012 

0.014 

0.014 

0.014 

w  53 

3  z 

w  £ 

<N  Cl 

i-  M 

3 

e» 

0 

1 

o 

1.0  L 

MN  O  CO  r-  r-  N  Ifl  00 

to  in  in  i-o»N  to  in  in 

>,  to  to  tsiqiq  iqiqiq 

ooo  ooo  ooo 

o  oi  wwro  n  w  oi 

©  r>  r-  r-  r-  r*  T-  «- 

OOO  OOO  OOO 

doo  ooo  odd 

DYNAMIC 

PRESSURE 

q 

psf 

S  cS  5  §{  q  Si 

W'tjlfl  Itfld 

r-  CM  r«.  O 

r- 

c\i  >cc  o’  r-  «-  <n  in  tf  n 

»**  cv  tt  n  a 

VELOCITY 

V 

fps 

50.0 

60.0 

70.0 

80.0 

100.0 

150.0 

200.0 

250.0 

293.3 

a  a  o  ooo  c?ac*j 

doo  odd  gdn 

moo  M  S  w  5  trj  gj 

.  % 


il  ! 


NSWCTR  81441 


■  1  y  ' 


Hi 

z| 

25^- 

Ifcl 

3  O 

Sl-r 
a.  o  o 
w  ~- 

£0 


“  H 

00  2 

<  Ul 

a  5 

*  rr 


X 

W  5 

ui  2 

2  Z 

£  ui 


in  to  to 

CJ  01  « 

r»  to  in 
odd 


Tf  p 

N  10  3 
in  in  in 
odd 


r-  N 
V  #  ^ 

<0  <fl  <0 


In  iS  8 
(0(0(0 
o  o*  o’ 


CO  ©  r- 

s  ts  s 


8SR 

in  lo  in 
odd 


82B 

CO  to  CO 

odd 


m  o  rs 

fN  00  N 
C0  CO  CO 

o  o  d 


in  in  r* 

sss 

odd 


rv  oo  cp 
cm  «  5 
u}  in  in 
odd 


S  8  CM 
CD  CO  (0 


o  o  © 

O  ©  r- 
O  O  © 

d  d  © 


o  O)  © 
O  r»  *“ 

o  o  o 
odd 


o  o 

o  o  r- 

o  o  o 
o'  o  o 


O  O  f- 
O  NN 

o  o  o 
o  o  o’ 


in  n 

r  r  r- 

o  o  o 
d  o’  o’ 


^  ^ 
r»  r  f 

o  o  o 
odd 


o  o  o 
odd 


o  o  o 
d  o’  o’ 


ilMif 
r*  i~  r* 

o  o  o 


<*  to  r» 

t—  T—  T“ 

poo 


co  in 
«“«-«- 
o  o  o 
odd 


CO  O  r 

«-  CM  CM 
O  O  O 


cm  co 

U3  0 

a  co 

Cl  o 

rs 

n  co 

r  in 

co  co 

co 

in  in 

in  u 

3  in 

in  in 

in 

o  o 

o  o  o 

d  d 

o 

SirS 

IS- 

u)£ 

S|j 

"J  O 
Z  S,  r- 

o  o.  _ 
M  O 

§!-» 
Ss  °  S 
(0 


01  in  r 
ec  o>  o 

o  d  o 


o  id  in 
m  m  o 
fx.  <o  r~ 
odd 


xt  in 

ssi 

o  o  o 


oi  in  i- 
9  wit 
P  P  P 
OOP 


2  £8 
P  Tf 

o  o  o 


«—  Q  CD 
O  r-  r- 
p  P  p 
O  O  O 


eg  o  w 
m  a  <- 
o  o  o 
odd 


o  o  e 
odd 


m  n  n 

< —  p-  r~ 

o  o  a 
o’  o’  o 


0.662 

0.642 

0.628 

0.621 
!  0.616 
j  0.618 

< 

ce 

Q 

< 

s 

0.000 

0.000 

0.014 

0.013 

0.013 

0.011 

0.013 

0.014 

0.014 

i  0.618 
!  0.601 
0.606 

g  o  in 
ODDI 
pop 
o  o  o 

I 

o 

w 
r  j 

©  ©  co 
o  a 
a  a  o 
d  d  d 

If  CM  CD 
r-  r“  r- 

o  a  O 
OOP 

CD  Kfr  <4 

yw  yw  y— 

o  a  o 
dod 

q  tn  N 

p  P  P 

a  o  o 

SJ8S 

pp  p 
OOP 

0.033 

0.020 

0.017 

0.015 

0.013 

0.012 

CM  CD  Mt 

if**  V**  tj*“* 

o  q  q 
dod 

Se>  in 

03  0* 


<o  *-  p 
p  p  «M 

$  K  o 


CRAG  COEFFICIENT  DRAG  COEFFICIENT  DRAG  COEFFICIENT 


NSWC  TR  81-441 


VELOCITY  {FPS) 


FIGURE  14  DRAG  COEFFICIENT  TEST  DATA  CANOPY  CLOTH,  MlL-C-7020,  TYPE  I 
PERMEABILITY  -  98  CFM/FT2 
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FIGURE  16  DRAG  COEFFICIENT  TEST  DATA  CANOPY  CLOTH  PERMEABILITY  -  351  CFM/FT2 
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FIGURE  1?  DRAG  COEFFICIENT  TEST;  CLOTH  PERMEABILITY  » 
98  CPM/FT*;  12  SUSPENSION  LINE  PARACHUTE; 
SUSPENSION  LINE  LENGTH  *  1.0  L 
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FIGURE  18  DRAG  COEFFICIENT  TEST;  CLOTH  PERMEABILITY  - 
225  CFM/FT2;  16  SUSPENSION  LINE  PARACHUTE; 
SUSPENSION  LINE  LENGTH  “1.4L 


33 


NSWCTR  81-441 


FIGURE  19  DRAG  COEFFICIENT  TEST*  CLOTH  PERMEABILITY 
351  CFM/FT*;24  SUSPENSION  LINE  PARACHUTE; 
SUSPENSION  LINE  LENGTH  “  1.6  L 
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percent  reefed  ae  a  function  of  normalized  reefing  line  length  (t/L)  and  cloth 
permeability.  Figures  20,  21,  and  22  graphically  illustrate  the  data.  Reefed 
canopy  shapes  are  shown  in  Figures  23  through  49. 

The  photographs  in  Figures  23  through  49  show  that  the  canopy  cloth  in  the 
area  adjacent  to  the  reefing  line  is  pressurized  rather  than  the  desired 
uninflated  conical  zone.  This  condition  indicates  a  rapid  inflation  at 
disreef.  There  does  not  appear  to  be  any  inflation  time  advantage  in  reefing  a 
cross  parachute  at  locations  other  than  at  the  canopy  hem. 

REEFING  LINE  FORCES  The  forces  in  the  reefing  line  were  measured  in  the 
same  manner  as  the  total  drag  forces  using  the  gages  of  Figure  10.  Several 
gages  were  used  in  the  various  tests.  Each  gage  was  calibrated  mounted  in  the 
wind  tunnel  through  the  data  measuring  system  and  had  negligible  zero  shift 
during  the  tests.  The  force  in  the  reefing  line  is  presented,  in  Table  6  as  a 
percent  of  the  parachute  fully  inflated  drag  force  for  normalized  reefing  line 
lengths  and  cloth  permeability.  One  sigma  variations  are  presented  in  Table  7. 
Graphical  representation  of  the  data  is  shown  in  Figures  SO,  51,  and  52. 

Example:  From  Table  6  for  a  12  suspension  line  parachute  with  a  line 
length  of  1.0L,  cloth  permeability  of  225CFM/FT2  and  t/L*0.85.  The  reefing 
line  force  is  2.67  percent,  and  from  Table  7  the  one  sigma  variation  for  the 
same  configuration  is  0.19  percent. 

Therefore  Reefinft  line  force  x  iqO  »  2.67  +  0.19 
fully  open  drag  " 

Reefing  line  force  *  3*6? A  0*19  x  fully  open  drag 

too 

The  following  generalized  observations  of  the  reefing  line  force  data  are: 

a.  The  maximum  reefing  line  force  occurs  between  1*0  «  i/L<  1.4. 

b.  The  maximum  reefing  line  force  decreases  as  cloth  permeability 
increases. 

c.  The  minimum  reefing  line  force  is  associated  with  l.QL  suspension 
Line  parachutes. 
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FIGURE  26  REEFED  CANOPY  INFLATED  SHAPES;  CLOTH  PERMEABILITY 
98  CFM/FT2;  16  SUSPENSION  LINE  PARACHUTE; 

SUSPENSION  LINE  LENGTH  -  1.0  L;  TEST  VELOCITY  -  203  FPS 
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FIGURE  28  REEFED  CANOPY  INFLATED  SHAPES;  CLOTH  PERMEABILITY  - 
98  CFM/FT2;  16  SUSPENSION  LINE  PARACHUTE; 
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FIGURE  36  REEFED  CANOPY  INFLATED  SHAPES;  CLOTH  PERMEABILITY  « 
226  CFM/FT2;  16  SUSPENSION  LINE  PARACHUTE. 

SUSPENSION  LINE  LENGTH  -  1,4  L;  TEST  VELOCITY  =  293  FPS 
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FIGUI..  38  REEFED  CANOPY  INFLATED  SHAPES; CLOTH  PERMEABILITY- 
225  CFM/FT2;  24  SUSPENSION  LINE  PARACHUTE; 
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FIGURE  40  REEFED  CANOPY  INFLATED  SHAPES;  CLOTH  PERMEABILITY 
225  CFM/FT2;  24  SUSPENSION  LINE  PARACHUTE; 
SUSPENSION  LINE  LENGTH  -  1.C  L;  TEST  VELOCITY  *  203  EPS 
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FIGURE  42  REEFED  CANOPY  INFLATED  SHAPES;  CLOTH  PERMEABILITY  « 
351  CFM/FT2;  12  SUSPENSION  LINE  PARACHUTE; 

SUSPENSION  LINE  LENGTH  *  1  4  L;  TEST  VELOCITY  »  293  FPS 
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FIGURE  46  REErED  CANOPY  INfl  ATEl)  SHAPES.  CLOTH  PERMEABILITY  « 
361  CfM/FT2;  16  SUSPENSION  LINE  PARACHUTE. 
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FIGURE  47  REEFED  CANOPY  INFLATED  SHAPES;  CLOTH  PERMEABILITY 
351  CFM/FT2;  24  SUSPENSION  LINE  PARACHUTE. 

SUSPENSION  LINE  LENGTH  «  1.0  L;  TEST  VELOCITY  *  293  FPS 
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FIGURE  49  REEFED  CANOPY  INFLATED  SHARES;  CLOTH  PERMEABILITY  * 
351  CFM/FT2;  24  SUSPENSION  LINE  PARACHUTE. 

SUSPENSION  LINE  LENGTH  «  1  .6  L;  TEST  VELOCITY  *  293  FPS 
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Reefing 


Percent 

Reefed 


Percent 
Reefing 
Line  load 


drag  force,  lbs 

coefficient  of  drag 

velocity,  ft/sec 

density  of  air,  slugs/ft^ 

dynamic  pressure,  lbs/ft^ 

canopy  reference  area,  ft^ 

length  of  canopy  arm 

width  of  canopy  arm 

length  of  reefing  line 

canopy  arm  width-to-length  ratio 

reefing  line  length-to-canopy-diameter  ratio 

rate  of  airflow  through  cloth  in  CFM/ft^  when 
measured  under  a  pressure  differential  of  1/2  inch 
of  water 

a  restriction  of  a  drag  producing  surface  to  a 
diameter  less  than  its  diameter  when  it  is  fully 
inflated* 

ratio  of  the  drag  force  produced  in  the  reefed 
condition  to  the  drag  force  of  the  fully  inflated 
parachute  at  the  same  velocity  x  100. 

ratio  of  force  in  the  reefing  line  in  the  reefed 
condition  to  the  drag  force  of  the  fully  inflated 
parachute  at  ths  same  velocity  x  100. 
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